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Collaboration (Nuclear Data)

* RPI

— Faculty:
* Dr.Y. Danon, Dr. E. Liu

— Staff ‘
* P.Brand - Technical Manager IS & )
* M. Gray, M. Strock, A. Kerdoun - Linear Accelerator Technicians N ‘ -
— Graduate Students (nuclear data related only): S &,
e Z.Blain — Fission neutrons
* A. Daskalakis — Fast Neutron scattering
* N. Thompson — LSDS capture
* B. McDermott — KeV Capture detector,
* A. Weltz — Assay of used nuclear fuel/Solid-State Neutron Detector
* K. Ramic — Thermal neutron scattering
* C. Wendorff — Thermal neutron scattering
A. Youmans — KeV neutron scattering

* KAPL
— Dr. T. Donovan, Dr. G. Leinweber, Dr. D. Barry, Dr. M. Rapp, B. Epping, and Dr. R. Block
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Outline

Why Nuclear Data is important
Simple Physics of Nuclear Reactions

The RPI Gaerttner LINAC laboratory

* QOverview of Experimental Results
— Resonance Region Transmission and Capture Measurements
— Capture to Fission Ratio
— High Energy Transmission
— Filtered Beam Measurements
— High Energy Scattering
— Resonance Scattering
— Fission Neutrons

* New capabilities in development
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Why Should Reactor Designers Care About Nuclear Data?

Reactor Physics Calculations
bl ek

/Seometry Dat/
TheAShippingport Ractor (Critical in 1957)

C O m p u t a‘t i O n al http://www.pabook.libraries. psu.edu/palitmap/Shippingport.html
Methods (Physics)

« Effective neutron Multiplication factor

Results B Neutron flux

Accuracy?? ERs{ig[ife
» Kinetics

®)Rensselaer liac™

Mechanical, Aerospace and Nuclear Engineering The Gaerttner LINAC Center 4

www.lInl.gov




Physics Design Limitations

* Modern computational methods are greatly improved
* Monte Carlo Methods

— Advantages
e Can describe the geometry at a level of a CAD drawing.
* Includes different physics models in great detail.
e Can solve time dependent problems.
— Limitations
* Accuracy is limited by Nuclear Data and Physics models
» Slow for some types of calculations (but computers are getting faster)
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Nuclear Reaction Cross Section

* The cross section represents the probability for neutron
interaction and is measured in unties of area.

¥ . N [atoms/cm3]

I [n/ecm?2/sec]

Microscopic cross section

2
R[i} = |[ i } N[ator?s]o{ all }-A[cmz]- dx[cm]
Sec cm™ -SecC cm atom

Reactionrate ~ INcAdx _
Incident particle rate Al

Probability for inetraction = N odx
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The Concept of Compound Nucleus

* The neutron incident on a target material first creates a compound nucleus.

* The probability to form a compound nucleus increases near energy levels in
the compound nucleus.

— The magnitude of this increase is determined by the lifetime of the compound nucleus
state.

— There are several decay modes resulting in different interaction rates.
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Cross Section Energy Ranges

 Our understanding of physics is not sufficient to predict the energies of the resonances,
their strength, or other quantum numbers (spin, parity, angular momentum)

* We do have a formalism to describe the shape of a resonance as a function of energy
» Statistical theories can provide some information on average quantities.
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Nuclear Data Lifecycle

Integral Publication(s)
Experiments
Appropriate Exp only

— . — ‘At RPI- - — : = Critical Bgnchmarks

A A 4
/ Evaluated Data
Validation =\ File

ENDF/B-VII.1

y A 4

Publication(s)

Publication(s) Publication(s)

(Other Users}—J

e
S User Needs

o o
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Where is the RPI LINAC ?

* |tis on the highest point in Troy, NY

I------- . »
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RPI LINAC History

e The RPI LINAC started operation in December 1961
Working “continuously” since

September 1997- LINAC was designated
as Nuclear Historic Landmark by the
American Nuclear Society

0 0 =4 0 = UDOrato
J U 4 DU U 0
0’ LU 0 4 0 U U 0
0’ JULuU U 0 0 U 0’ 0’ 0
0 DU 0’ U

% Graduated over 170

students who utilized the
LINAC as part of their
PhD thesis research

. Many years of accumulated experience -
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ACCELERATOR

The RPI LINAC Facility
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LINAC Specifications

Three Sections Nine Sections e LINAC 2020 refurbishment
(Low Energy Port) (High Energy Port) and upgrade project is

oot S to 25 Mev 25 to over 60 MeV underway
Energy
Pulse Width 6 to 5000 ns 6 to 5000 ns ° Su bstan‘“al |mprovement |n
LY@ 3A (short pulse: 6 to 50 ns) 3A (short pulse: 6 to 50 ns) short pulse power is

(oI {-Ti 148 400 mA (long pulse: 50 to 5000 ns) 400 mA (long pulse: 50 to 5000 ns)

implemented

Average

10 kw@ 17 MeV, 5000 ns >10 kw@ 60 MeV, 5000 ns
Power

Peak Dose
Rate

>101! Rads/sec (in Silicon) n/a

Neutron

~ 13
Production n/a 4 X 1013 neutrons/sec

Pulse
Repetition
Rate

Single pulse to 500 pps (short pulse) | Single pulse to 500 pps (short pulse
Single pulse to 300 pps (long pulse) Single pulse to 300 pps (long pulse)

: ¢ I- 5 b 8 0 0 |
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Neutron Production

1. Bremsstrahlung X-rays are produced by stopping the electrons.
2. The X-rays produce neutrons by (y,n).

Neutrons Water cooled Ta plates

/

Gamma Rays l \ —\\ N\ €°
Electrons M ll

ST
/ 7 ]_] E; E; E a E]_‘ -------
=

TI824°
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Time of Flight (TOF)

Pulsed Neutron Source Neutron Detector

(“White Source”)
e — -1
< |_ >

Energy-Time relation (nonrelativistic)

K- L] K - constant

t—t t, - time zero (gamma flash)

V=— : E :Em V |:> E = (
t 2
* Energy Resolution

— Related to:
* AL/L- moderator + detector
« At/t — LINAC electron pulse

Q\\\.\‘H:(;c,y
£ 2
Al - A Re L e 0 0 0 0 |
N o y, I].SS ae

e
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Neutron Production Targets
Bare Bounce Target (BBT) Enhanced Theral Target (ETT)

=2
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Detectors

Capture/multiplicity
25m

L Do
d 1
NTE
P

115
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RPI1 2011 Capabilities Matrix

RPI LINAC - Nuclear Data Measurement Capabilities 2012

‘ 1 ) BT|Fast/LiGlass flrray
LSDS fission o /|/fragment dist.

ETT Multiplicity Detector Multiplicity Detecto BBT/PAC

Scattering BBT

=

ultiplicity Detector BT| EJ301 Array

ETT | Multiplicity Detector

Capture ﬂé’ﬁ%gﬁ“

BBT

=

fluliplicity Detector

ETT | Multiplicity Detector

Transmission

BT|250m EJ301

PAC | 100m LiGlass Detector |

BBT/PAC/BBT | 25m/30m LiGlass Detector

15m LiGlass Detector ETT

10° 10* 10% 10° 10' 10° 10° 10* 10° 10° 10’
R Neutron Energy [eV]

ETT- Enhanced Thermal Traget

BBT - Bare Bounce Target

BT- Bare Target on Axis
PAC - PacMan Target

® Rensselaer liiac".
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Current Activity

* Time of flight measurements

— Resonance Region

* Capture (0.01 eV —2 keV)

* Transmission (0.001 eV — 100 KeV)

* Capture to fission ratio (alpha)

* Development of a mid energy capture detector
— High energy (0.4-20MeV)

* Scattering (30 m flight path)

* Transmission (100m and 250m flight path)

* Fission spectra and nubar

— High accuracy total cross section measurements using filtered beam

* Lead Slowing Down Spectrometer

— Simultaneous measurement of fission cross sections and fission fragment mass and
energy distributions using the RPI lead slowing down spectrometer

— Measurements of energy dependent (n,p) and (n,o.) cross sections of nanogram
guantities of short-lived isotopes. (collaboration with LANL).

* Other
— Novel quasi-monoenergetic x-ray generation
— Medical isotope production
— S(o,B) measurements (at SNS in ORNL)

ZINTE
®) Rensselaer I-"““ w’
l;'“z\ b7
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Resonance Region Detectors

Li-Glass Detector at 25m 2 cm B,C Liner (98.4 atom% 1°B)

~ e
111:7

. ‘ . !
—
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B2 2
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Transmission Experiment

1. Sample Out Two Experiments:
Neutron Beam

2. Sample In -
Neutron Beam

Sample

C

Sample In
T=—"-F

C

N — Number density [atoms/barn]
— Total cross section

{53\\\,\ m;,% \
S E Z)
AN /s

e

Mechanical, Aerospace and Nuclear Engine

=exp(—No,)

Sample Out

»
»

Li-Glass Neutron Detector

Li-Glass Neutron Detector
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Capture Experiments

Sample
Gamma Rays Multiplicity DetectO/r

&
o~

Neutron Beam

|l

The capture Yield:

¢ — neutron flux
n — detection efficiency

ouTEcy,

“ 5
2 )
Qe
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Resonance Cross Section Measurements and Data Analysis

Collect
Transmission Data

Az_ssamples

Collect 3
Capture Data

A - Experiment
2-5 samples

i )
Data & Background Data & background ! gy ) grou
Flux Flux
N . N d

Reduce to
Transmission

+  Data Reduction

Reduce to
Capture Yield

Fit Data
SAMMY code

US Cross Section Evaluation
Working Group (CSEWG)
Users - Evaluated Data Files
ENDF/B-VII.1

m

»  Data Analysis

Resonace
parameters

W) Rensselaer
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Elemental Molybdenum
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Elemental Molybdenum 120 eV - 145 eV
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Gd Thermal Region - Separated Isotopes
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Are We Improving Reactor Calculations ?

NUCLEAR SCIENCE AND ENGINEERING: 163, 17-25 (2000)

Impact of New Gadolinium Cross Sections on Reaction Rate
Distributions in 10 x 10 BWR Assemblies

(:e:] G. Perret,® M. FE. Murphy, and F. Jatuffi
I Panl Scherrer fnstitut, CH-5232 Villigen P51, Switzerland
Feedback of the new RPI Gd J-Ch. Sublet and 0. Bouland
resonance para mete rs Set on FU BILA Commissarial d {"Energie Atomigue, DEN, Cadarache, 13108 5t Paul lez Durance, France
Full MOX poisoned core calculation and
K. Chawla
Panl Scherrer fnstitul, CH-5232 Villigen P51, Switzerland
and

P. Blaise - O. Litaize

: 5 Ecole Polylechnigque Fédérale de Lausanne, CH-T015 Lawsanne, Switzerland
Reactor Physics and Cycle Service (SPRC\LEPh)

Received Jufy 28, 2008
correcling the overpredictions previously reporied in the clustered padolinium pins. Earlier reported

discrepancies observed in PROTEUS integral experiments, between measured and calculated reaction pr i

rales in the padolinium-poisored pins, might thus be due to inaccurale padolininm cross seclions. The [ meased

cao | PROTEUS resulls support the new thermal and epithermal padolinium data measured by Leinweber ef al. | oon v
b Leimweber

aTar Yections have

currenily been mm‘l,li:‘d rr include Jfre AEW me :.l.m'?m:nh aJld Hzne .J'um Tawe h: €71 PITHCERSE: r.f'mrfr NIOY
1o yield files wsable by MCNPX. Fisrion rates in the gadolinium-poisoned fuel pins of the SVEA-96
Opiima? pins were increased by 1.4 to 2.0% using the newly produced crosy sections, vielding to o better
agreement with the experimental values. Predicied Cg/'Fioe ratios were decreased on average by 1.7% in
both clustered and wrclustered proups of padolinium-poisoned fuel ping of the SVEA-86+ assembiy
correcting the overpredictions previously reported in the clustered padolinium pins. Earlier reported
discrepancies observed in PROTEUS integral experiments, between measured and calculated reaction
rales in the gadolinim-poironed pins, mipht thus be due to inaccurate padolinium cross sections. The
PROTEUS results support the new thermal and epithermal godolinium data measured by Leinweber ef al.
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High Resolution Transmission Detector
 Modular Li-Glass detector at 100m flight path

— Extends our capabilities to the unresolved resonance region
— Measurement of °°26:98,100NMo completed. T -

LINAC Target

100m flight
station

‘ Neutr0|n Beam

®) Rensselaer
I I n a cTne Gaerttner LINAC Center 28

Mechanical, Aerospace and Nuclear Engineering




S .m
(7)) G
= % <
2 o w8
- © TR T
I C 2 n 0O+ = L W©
c g 2EFE o cC
Q [e) o & £
C b0 @© o o v
oc O 5 © e @ =
x oo nc < ? 3
(D) : i
@) — : — : :
a a) LL LL F
=) 2L L o2 | eS| | =29 _.al
C © 2 o o &
@ Y S8 D o o
O A S $3 e EE
(¥p) 4 i- o L L i o %mm-
L B ‘| )
S
s’ m B B g S
- o &
wn O
Qv <«
p leer[co o))
o | | |
(Vp)
© W oo 1y oo ’w oo | o
— o O «d o O «d o O o o

uoissiwsuel |

40000 50000

30000

Energy [eV]

I

Ineering

20000

10000

o
o
o
—

=2

The Gaerttner LINAC Center 29

2
S

Mechanical, Aerospace and Nuclear Eng



235 Capture & Fission Yield Data - Epithermal Measurement

00—

* Challenges: 025 G
* Normalization o 015 ] _
* False capture due to neutron scattering " ook
» Normalize experimental fission yield to resonance e - SO o
YENOF —k, .Y,| Solve fork; @ 19.3 eV res [F?fzo.(as] g :gg;ﬁ;;sggsm_
%* 0.15—_ i
» Use two equations for predominantly capture and g g;;’ ™ |
fission resonances ‘ 7‘ » 50
@ 11.7 eV res @:0.86] @ 19.3 eV res ( —063j Neutron Energy [eV]
0.03 T T T T
YIEF — kYL —ky -k, -YL | [Y 250 =k, Y2 —k, -k, Y2, N — Sammy Capure|

»Solve the two equations for k, and k,

» Need 2 resonances with known parameters € 7 ~ 7 7 [ Freifson

—— Sammy Fission

Provides data to address WPEC subgroup 29 report

“Uranium-235 Capture Cross-section in the keV to MeV Energy Region”

T . N T T : T ‘ T : : T - T ‘ ‘I
600 700 800 900 1000
Neutron Energy [eV]
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Comparing %3°U Fission and Capture with Evaluations

0.2
0.1

0.01 -
0.005 -

Capture

—a— RPI - Experiment
—— ENDF/B-7.0
—— JENDL4 ]
—— SAMMY ENDF7 Capture | 1

g T W “p— -

0.2

Fission

—=— RPI - Experiment

—— ENDF/B-7.0

—— JENDL4

—— SAMMY ENDF7 Fission

1
1000

Energy [eV]

® Rensselaer

Mechanical, Aerospace and Nuclear Engineering

* Fission is in excellent
agreement with
evaluations

1 = Capture data has up to 8%

multiple scattering that
must be taken into
account during the
analysis

 Capture error is about 8%

« 0.4-1 keV capture data
Is closer to ENDF/B-7.0

« 1-2 keV ENDF/B7.0 too
high JENDL 4.0 too low.

] « E>1keV data is slightly

higher than evaluations
but Within errors.

| . K n N 0 0 |
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High Energy Transmission Experimental Setup

Water
Cooled Ta Sample EJ-301 Liquid Scintillator
Target Modular Detector

Rensselaer Ii-lﬁi-ém Gae:mer LINAC Center 32
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Results — Ca rbon Total Cross Sectlon

6.0 I30 I I I I I I I

55 _- —7cm 7cm

—13cm -

—enore7o] f 13 cm J
—  ENDF/B-7.0 |

i )

5.0 E
o

)

(@)

4.5

4.0

3.5 -

3.0

! | I 5 70 75 80 85 ] ] I
? Energy (MeV)

Cross Section (b)

2.5 1

2.0 +

. | hr\ 1 ML
e UL \I.A‘f‘:u"!;“’\ulu , “‘;m; i U"(‘\ W "u‘w r “!

1.0 4 | 1

1.5

oSt+——"7FT—"7T"""T—T T T T T
05 20 4.0 6.0 80 100 120 140 16.0 18.0 20.0
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eryllium Transmission

Beryllium samples

10— ' T Sample thickness is given in cm
o Be2cm
1| ° Bedcm
s Be8cm
0.8 1 ENDF/B-VIL.0
—— JENDL3.3

ission

Transm

Reconfigured the detector with
two units to reduce background

Energy [eV]

elaer Iinac i
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Beryllium Total Cross Section (Low Energy)

8 T T T T T T T T T T T

o 2cm sample
o 4 cm sample
A Filtered Beam experiment
—— ENDF/B-VI.8
—— ENDF/B-VII.O
JENDEL 3.2

(m]

Cross Section [barn]

0.4 0.5 0.6 0.7 0.8 0.9 1.0
Energy [MeV]

M.J. Rapp, Y. Danon, F.J. Saglime, R.M. Bahran and D.G. Williams, G. Leinweber, D.P. Barry and R.C. Block, “Beryllium and Graphite
Neutron Total Cross Section Measurements from 0.4 to 20 MeV”, Nuclear Science and Engineering, Vol. 172, No. 3. Pages 268-277,
November 2012 (2012).

)Rensselaer lifac":
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o, [barn]

Zr Total Cross Section Measurements (0.5-20 MeV)

12 T T T T T T T T T 55 E T g T T T T T T T T T T T T T
11 —— RPI Experiment Arpil - May 2008 | | ] e RPI Experiment Arpil - May 2008
— ENDF/B-6.8 N ENDF/B-6.8
ENDF/B-7.0 i ENDE/B-7.0
—— JEFF 3.1 . ' .
10 JENDL 3.3 ] 5.0 JEFF 3.1
JENDL 3.3
9
8
L
4 \
7 4
6 -
5 4
4 -1 o ®
- B L] o
3 U T u T u T g T g 3.0 — T 71T T T T 71T 71"
0.5 1.0 1.5 2.0 2.5 3.0 2 4 6 8 10 12 14 16 18 20

Energy [MeV] Energy [MeV]

 Used low Hf (less than 100 ppm) Zr metal

* ENDF/B 6.8 seems like a better fit for E<16 MeV

* New partially resolved structure below 2.0 MeV

* Data can be used to improve the unresolved resonance region evaluation

w) Rensselaer iface......
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imental Setup

ilter Exper

lron F

Water
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Filtered Beam

 The total cross section exhibits strong minima because of
resonance-potential interference.

* To lllustrate, use the single level Breit-Wigner formula:

o R
o (X)= 2| 142X = |+ O ooy | . ——
10° | 27.791 keV resonance in *’Fe
X + 1 x — ENDF/B-VII.O
Where |
2(E-E I
X=¥ 00247Tx%g?n T 10
E, -resonance peak energy 7
R - effective nuclear radius 15 le g KT
[,I", - total width and neutron width el
7{4 _ reduced neutron Wldth 15000 20000 Enifgffev] 30000 35000
Ko _reduced neutron width et energy E, % = T
. " 0 ~E. -0
The energy at the minimum: Krin ~ R B ~ B 7R
Oy

The cr ion at the minimum: Tin ~ O pot ~
he cross section at the u * " JRF+1 JRY +1
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Natural Iron Filter

* The total cross section exhibits strong minima
because of resonance-potential interference

0.8 . I
| —— 30 cm Natural Iron 1

c 0.6 - _
il | 1
7
= 0.4 4 -
8 - -
c 0.24
] L

0.0 ; ——t

Energy [keV]

(@) HSSG der inac™®
Mechanical, Aerospace and Nuclear Engin The Gaerttner LINAC Center 39




Experimental Data

* |ron filtered beam data
— Peaks are broadened by the TOF resolution function
— High signal-to-background ratio
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0.02

Results - Graphite

O

Statistical Error <1%
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Results - Beryllium

8
= RPI2cm
] ‘ R RPI 3cm
7 L + RPI5cm
: oL JEFF-3.1 il
| - - - ENDF/B-6.8 |- ih i
----- JENDL-3.3
--—+ ENDF/B-7.0 |

Cross Section [barn]

N

3

10 100 1000

Energy [keV]
Y. Danon, R. C. Block, M. J. Rapp, and F. J. Saglime, G. Leinweber, D. P. Barry, N. J. Drindak and J. G. Hoole,
“Beryllium and Graphite High Accuracy Total Cross-Section Measurements in the Energy Range from 24 keV to
900 keV”, Nuclear Science And Engineering, 161, 321-330, (2009).
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Scattering Detection System:
Experimental Setup

. Detector Array
— 8 EJ301 Liquid Scintillation Detectors
— 8 A/D channels
—  Pulse Shape discrimination in TOF

. Measures neutrons scattered from the
sample at different angles

. Measured scattered neutron energy 0.5
MeV - 20 MeV

. Results are compared with a Monte Carlo
simulation of the system

D. P. Barry, G. Leinweber, R. C. Block, and T. J. Donovan, Y. Danon, F. J. Saglime, A.
M. Daskalakis, M. J. Rapp, and R. M. Bahran, “Quasi-differential Neutron Scattering
in Zirconium from 0.5 MeV to 20 MeV”, Nuclear Science and Engineering, 174, 188—

201, (2013). < \

F.J. Saglimen, Y. Danon, R.C. Block, M.J. Rapp, R.M. Bahran, G. Leinweber, D.P. <
Barry and N.J. Drindak, “A system for differential neutron scattering experiments in 5 18 .\
the energy range from 0.5 to 20 MeV”, Nuclear Instruments and Methods in Physics \/
Research Section A, 620, Issues 2-3, Pages 401-409, (2010)
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Counts

238 Scattering at 27 Degrees

Measured in September 2011.

Compare measured data to MCNP U= Scattering at 27 Degrees
simulations Energy [MeV]
Use Carbon for verification of 180002010 8 2 105
system and methodology -
: 16000 - |
ENDF/B-VII.O has the best fit to -
the data 14000 - |
Graphite Scattering at 27 Degrees 12000__ ]
100008210 5 En?ergy i [ — «» 10000 ~ 7
e Detector Counts § i
— —— ENDF/B-VII.0 8 8000 _ -
ol 6000 - |
] e Detector Counts
e ~ORD ENDF/B-VI.8
' —— ENDF/B-VII.0
2000 -
. _ JENDL-4.0
0 I ; T ; T ; T ; T ; T
o 500 1000 1500 2000 2500 3000
500 1000 1500 2000 2500 3000 T|me Of F“ght [nS]

Time of Flight [ns]
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238 Scattering at 156 Degrees

* New vacuum flight tubes improve

the S/N

 ENDF/B-VI.8 provides the best fit

e JENDL-4.0 fits well for E<3 MeV

 ENDF/B-VII.O needs improvement

Graphite Scattering at 156 Degrees

Energy [MeV]
1200020 1|(|)|| |? — % ]|' I — T 0i5

* Detector Counts
10000 - —— ENDF/B-VII.O

8000 -

6000 -
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4000 -

2000

O u T v T u T u T T
500 1000 1500 2000 2500 3000
Time of Flight [ns]
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Resonance Scattering Experiment

e Motivation — Provide a benchmark to the model Developed by Dagan et al.

— Poor approximation of the scattering kernel when the cross section is energy
dependent.

* Use the Time-Of-Flight (TOF) method
— The TOF will correspond to the scattered neutron energy
— Scattering in forward and backward scattering angles can be measured

Neutron 238 sample
Producing Target / Neutron Detector
n

Good Collimation /
\ H

~25.5m >

v

A

Electron Beam
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Resonance Scattering-Measured Data

* Thick Sample time-of flight spectrum forwards scattering

2000 —————r——r———T7———T——T1——T1——
1800 | —— #*U Thick sample ]
1600—- — Backgrountjloofno slample) 448 1
1400 - ]
, 12001 e ]
§ 1000 36.68eV ¢ w ]
800 - Pl |
600—- °28: %0 0o T;i?] @0 @0 a0
e 20.972 eV ]
200 | l o .I6 -

1 200 300 400 500 600 700 800 900 1000
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Resonance Scattering - Results for233U Scattering

1000
BACK u Expenment | 500 T T T T T ; T . T -
-+ MCNP (Unchanged) FRONT m  RPI Experiment
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A - 0~ 20.
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Resonance Scattering - Other 233U Resonances

(Back Scattering)
5" ' ' ' _ ' Y. Danon, E. Liu, D. Barry, T. Ro, R.
Fn = RPI Experiment Dagan, “Benchmark Experiment of
-1 =0.31 MCNP (Unchanged) | 1 Neutron Resonance Scattering Models
I —— MCNP (Modified) In Monte Carlo Codes”, International
300 - —— MCNP+S(a,B) 4 Conference on Mathematics,
Computational Methods & Reactor
Sample thickness=1/8" ] Phy_sics (M&C 2009), Saratoga
Springs, New York, May 3-7, 2009, on
0 20.872 eV Resonace CD-ROM, American Nuclear Society,
*g' LaGrange Park, IL (2009).
@)
o
| ' |

19 20 21 22 23
Scattered Neutron Energy [eV]
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Thorium Backscattering Experlmental Results

« Two sample thicknesses were used
 The backscattering angle was 140.8° and no moderator

 Experimental data was compared to current MCNP Doppler
broadening and the new Doppler Broadening Rejection
Correction (DBRC) method implemented by Dagan in MCNP 5

e The DBRC method is in good agreement with the experiments

600 u T u T . T u T u T u T 800 N LA LR LA L LA BN B R B B R B
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Scattered Neutron Energy [eV]
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Fission Spectrum and Multiplicity Measurements

* Use the double TOF method

* Use a gamma tag for fission

e Use a combination of Liquid Scintillators and Li-Glass neutron detectors
 Same system will be used for inelastic scattering measurement

600 T T T T T 350

PFNS Fission Chamber PFNS Gamma Tagging

co0 ] Neutron Detectors 200 i 252Cf ]
Detector 1
— Detector 2

400 2507

300 252Cf

200
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T T ¥ f t
950 1000 1050 1100 1150 1200 1250
Time [ns]

200

Counts
Counts
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W) Rensselaer e linae
I n a cTne Gaerttner LINAC Center 52

Mechanical, Aerospace and Nuclear Engineering




Neutron Distribution [Counts/MeV]

8x10°

7x10° o
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0 T T T T T | T T T T T T T T | T
0.04 0.1 1 3

Measurement of 2°?Cf Prompt Fission Neutron
Spectrum

A preliminary step 2°2Cf was measured using the fission chamber as a fission tag.
This kind of data will be compared with measurements using the gamma tag.

EJ-301 measurements agree with ENDF/B-VII.1 from 5 MeV to 1 MeV while EJ-204
measurements extend the agreement down to 0.2 MeV

252Cf Prompt fission neutron spectrum BaF, detector array

Energy [MeV]
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238U Prompt Fission Neutron Spectrum High Energy
Preliminary Results

-6
10° ————
i * Spectrum is normalized to

ENDF at 2 MeV

e Spectrum is integrated over
all incident time-of-flights

; (VEN>1.5 MeV)

1 ¢ Preliminary data shows good
agreement with current
evaluations

| <+ Pulse shape discrimination

: used to discriminate against
gamma pulses

» Error bars shown include
only statistical uncertainty
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New 45m keV Energy Range Capture Detector

4 deuterated benzene (C,D) liquid scintillators with low
neutron sensitivity

Located at newly constructed 40m flight station

10-bit, 8 channel Struck Systems SIS3305 digital data
acquisition system allows for low dead time operation

Low mass design to minimize background contributions
from neutrons captured in detector and surrounding
structural materials

0.20 — T T T T T
E3Cu
r/r=045
0.15 4 Sample: 80% Mn + 20% Cu|
Thickness: ~42 mil (1 mm)
o Run time: 70 min
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‘% T /r=0.017 -
© E, ?Arlo 025
0.05 - LA
0.00

1400

1200

800 1000
Energy [eV]

% Rensselaer Imac@ .

Mechanical, Aerospace and Nuclear Engineering




Thank you
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